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1. READ THIS FIRST 



This manual is intended for service technicians who have attended a 
Tandberg Data service course on TDC 3300 drives. 

To avoid a lot of double work and to save space, we have left out of 
this manual such descriptions of the drive that are already given in the 
"TDC 3319 Reference Manual 81 (part number 402451, publication number 
5446) . We therefore strongly recommend that the reference manual be 
considered a part of the maintenance manual, and that you use it as a 
source of details that this manual does not supply. 

This manual can be regarded as divided into three main parts . The 
first part (chapters 1, 2, and 3) gives a general description of the 
drive. It comprises an illustrated description, an interconnection 
diagram and block diagrams. 

The second part (chapters 4, 5, 6, and 7) contains schematics, parts 
lists, mnemonics lists, and component location drawings of each printed 
circuit board. Adjustments, where relevant, are dealt with in the 
description of each schematic diagram. 

The third part (chapters 8, 9, 10, and appendix) explains the drive 1 s 
resident self tests and how to replace all mechanical assemblies . 
Furthermore you'll find an i I lustrated spare module list and summaries 
of commands and status bytes for the basi c drive . 

Contact our local representative or our Sales Department if you have 
any questions regarding servi ce courses or additional documentation. 



Updating /backdating 



The updating routine for this manual is based on the di st ributi on of 
ECNs (Engineering Change Notices). The ECNs describe changes in hard- 
ware and firmware from the time of the first release of the product . 



If you want updat i ng/backdat i ng for your maintenance manual, please 
fill in the updating card whi ch is inserted in the front of this 
manual and mail it to us . Thi s is def ini tely the easi est way to 
get your name on our ECN mailing list!! 



Since this manual was produced while the TDC 3319 was 
still in its early stages^ there are discrepancies 
between some of the descriptions in it and the actual 

product • 

Most of them are known to us and wil I be corrected when 
the manual is updated. Nevertheless we would very much 
appr eciate your corrections and comments* 
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2. A SHORT DESCRIPTION OF THE DRIVE 



2.1 Illustrated Description 



The Tandberg Data TDC 3319 is a streaming 1/4" tape cartridge drive comprising 
the TDC 3309 (basic drive) and the TDC 3350 (intelligent formatter). It records 
and reads serially on nine tracks, and can store from 45 Mbytes to 60 Mbytes 
depending on tape length. The mode of operation is streaming, i.e. the drive is 
designed to run the whole length of the tape without (normally) interruption- 



Spring prevents cartridge from 
being inserted the wrong way. 



Two-channel read/write head with full- 
width erase bar bonded on platform. 



Di rect-dri ve capstan motor, 



The mechanical switches of the Sensor 
board assembly register whether the 
door is closed, the cartridge is in- 
serted or not, and whether it is write 
protected or not. The board also 
contains infrared transmitter and 
receivers that sense the tape 
holes (BOT, EOT, etc). 



Stepper motor moves the head up 
and down to the desired track. 



Cartridge door opening button. 




NOTE: Drive shown without top cover! 
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5. BLOCK DIAGRAMS 



3.1 Overall Block Diagram 
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Overall block diagram. 



CAPSTAN MOTOR ASSEMBLY 



The capstan Motor with its bui It-in tacho sensor is part of the Capstan 
Servo which provi des the tape motion required for the various operating 
modes: 45/90 ips, read/wri te, wind/rewind. The motor is DC operated. 
See separate block diagram of Capstan Servo. 



STEPPER MOTOR ASSEMBLY 



Part of the head mot i on system whi eh ensures that readi ng or writing 
takes place on the exact track requested by the host . The high- 
resolution stepper mechani sm has 122 steps between each track (5 mi cro- 
metres per step) . The head motion is control led by the basi c drive 
microprocessor whi ch a I lows high accuracy dynami c head posi t ioning. 
A detailed description of the principles for the track posi tion 
alorithm is given in the TDC 3319 Reference Manua I, sect i on 2.3. 



-HAD ASSEMBLY 



The read/write and erase functions are combined in one common head. Th 
: r ase sect i on is active over the full width of the tape and thus erases 
all t racks in one operati on. 
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The read/write sections are active only for one track at a time. Since 
a read check is always carried out after the writing of each block of 
data, the head has one section for forward tape motion and one section 
for reverse tape motion. Track location on the tape is illustrated in 
the TDC 3319 Reference Manual, subsection 3.5.2. 



SENSOR ASSEMBLY 



The following sensors are located on the Sensor board (see intercon- 
nection diagram, section 2.2) : 

- SAFE: A microswi tch operated by the write protect switch on the tape 
cartridge. Prevents writing when the cartridge is write protected. 

- IN PLACE/ DOOR CLOSED : A microswitch operated by the tape cartridge. 
Prevents operation when the door is not closed or when no cartridge is 
inserted. 

- LP/BOT/EOT/EW: Opto-e lect roni c sensors that detect holes in the upper 
and lower half of the tape. The sequence of pulses from the two sen- 
sors allow the control logic to determine whether a BOT, an EOT, an LP 
or an EW has been detected. 

CONTROL BOARD 



See separate block diagram and description, section 3.2. 



READ BOARD 



See separate block di agram and description, section 3.4. 



FORMATTER BOARD 



See separate block diagram and description, section 3.5. 
3.2 Control Board Block Diagram 



CONTROL LOGIC 



The central component of this block is a mi coprocessor that reads the 
status of all sensors, executes commands from the Formatter and 
accordingly controls the read/write and erase circuits, head motion 
circuits and supervi ses the Capstan Servo. The processor is automat i- 
cally programmed during reset/power-up to operate in single-chip mode 
as an input/output processor. 

WRITE CIRCUIT 

The read/write head and the Write Amplifier have two channe Is : channel A 
for forward di rect i on and channe I B for reverse di recti on . Write cur- 
rent is supplied to the head when a not-wri te-protected cart ri dge is 
inserted and the drive is set in Write mode . The circuit also adjusts 
the write current according to the tape type in use. 
Refer to detai led diagram in chapter 4 (Control board sheet 3) . 
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Block diagram of the Control board. 



ERASE CIRCUIT 

Supp I i es erase current to the erase head. 

TIMING CIRCUITS 



.able 7.2 MHz signal from a crystal control led osci I lator is sea led 
-wn to provide the various timing signals used in the Control Logi c, 
the Write Circuit and the Capstan Servo Control. 



FORMATTER I/O 

Input and output buffers for signals from and to the Formatter, 



CAPSTAN SERVO CONTROL 

See separate block di agram, section 3.3. 
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3.3 Capstan Servo Block Diagram 
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Block diagram of the Capstan servo 



The Capstan servo controls the capstan motor. The servo loop is closed 
by the feedback from the opto-electroni c tacho generator in the motor. 
The 64-s lot disc on the motor shaft interrupts the light to the opto- 
sensor and provides an output signal with a frequency proportiona I to 
the motor speed. Thi s signa I passes through the Tacho Ampli f ier and is 
applied to an accurate frequency-to-voltage converter that provides a 
voltage proportiona I to the motor speed. 



The motor speed signal is compared with a signa I originating in the 
Speed Reference Generator. Any di f f erence between the two signals is 
amplified and results in a corrective input to the Pulse Width Modulator 
(PWM) whi ch drives the motor. 

The PWM compri ses a sawtooth generator operating at 56 kHz and a 
comparator that generates a pulse signal with the duty eye le requi red 
to maintain constant speed. 

The speed can be set at 45 or 90 ips by the IPS90P signa I whi ch deter- 
mines the conversion ratio of the Frequency-to-vo I t age Converter. 

Start/stop is control led by the CAPEN signal whi ch app lies the reference 
voltage within the Speed Reference Generator. REDSPD reduces the cap- 
stan speed by 10 % for test purposes. During stop the motor current is 
cut of f . 



Linear acceleration is ensured by acplying the speed reference voltage 
via the Ramp Generator whi ch converts the voltage step into a ramp 
voltage. During powei — up or reset the MDIS* signal will inhibit the 
motor drive power FET. 
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3.4 Read Board Block Diagram 
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Black diagram af the Read board. 



The si gna I from the read head in operation is applied to the channel 

selector switches via a filter, a preamplifier and a di f f erentiator. 
The channel selector is operated by the REFWD signal. The state of 
this signal depends on whether the tape motion is forward or reverse. 

The di f f erentiation shapes the signal into a waveform in whi ch the peaks 
of the read head voltage have been transformed into distinct zero cross- 
ings. 

After further filtering, the signal is applied to the Data Detector in 
which an RPLS pulse is generated for each binary "one" in the signal. 
RPLS is then applied to the Read Clock generator whi ch phase-locks to 
the signal. The output of the Read Clock Generator, RCLK*, f ol lows 
the long term variations in the bit-rate of the signa I reproduced from 
tape . 



Further, the RPLS pulses are elongated to establish the restored data 
signal, RD ATA, in which the "ones" are represented by high and the 
"zeroes" by low signal leve Is during the whole clock period. 

The ACLEV signal obtai ned by peak detection of the signa I from the am- 
plifier is ut i li zed by the Control Logi c to detect the edge of the tape 
or the position of the reference t rack and thus establish the basi s for 

the head positioning system. 
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3.5 Formatter Block Diagram 
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Overall block diagram of the Formatter board 



The formatter is the interface between the host and the tape uni t . In 
one direction it converts parallel digital data from the host to serial 
data in GCR code for wri ting on the tape. In the opposi te di rection the 
formatter transforms serial GCR coded data from the tape into para I Lei 
digi tal data to the host . 



HOST COMMUNICATION 



Host Communi cation is the interface between the Formatter and the host. 
It contains the ports and the handshake logic requi red for the communi- 
cation between the HD-bus and various formatter buses . 



COMMUNICATIONS PROCESSOR 



The Communications Processor decodes QIC-02 commands from the host, and 
i ssues commands to the control board processor in the basi c drive and to 
the Formatter Processor. The Communi cations Processor a Iso reads status 
si gna Is from the processor on the control board in the basi c drive and 
from the Formatter Processor. 



FORMATTER PROCESSOR 



The Formatter Processor has the primary control of the data f Low on the 
FD and FDB buses, and it controls the Write Ci rcui ts in order to create 
the required data block format (described in section 2.3 of the TDC 3319 
Reference Manual). The formatting involves generation of preamb le and 
postamble, generation of the marker byte, control ling that the data 
f i eld always contai ns 512 bytes, and assigning and generating the block 
address . 

Dur i ng a read operation the formatter processor starts the decodi ng of 
data when the read circuits have detected the b Lock marker . At the end 
of the data block follows decoding of the block address, and the valida- 
tion of the CRC check whi ch determines whether the block sha I L be trans- 
ferred to the host or whether it must be read once more . ( Further 
explained in the TDC 3319 Reference Manual, subsection 8.8.6.) 
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DATA BUFFER 

The Data Buffer provides sufficient storage capacity to allow data 
written on the tape to be stored long enough for re-writing if the read- 
af ter-wri te check indicates data error. Writing will not start until 
at least one data block (512 bytes) has been loaded into the buffer. 
While one block is being recorded, more data can be loaded within thfe 
total buffer capacity which is 4K minimum (optionally 8 or 16K) . Except 
for the last 512 bytes already written on the tape and the 512 bytes 
being written, the total buffer area is always available for loading 
from the host because new data will be written over data already in the 
buffer, provided that this data has been successfully verified* 

During read operations, each block of data is loaded into the buffer and 
remains there in queue for transferal to the host via the FD-to-DB port . 



READ CIRCUITS 



The Read Circuits process the RDATA signal from the Control Board 
in the Basic Drive unit. Thi s involves detection of the file marker 
which f o I lows immediately after the preamble and conversion of of the 
GCR coded serial data into binary data on para I lei form. 



WRITE CIRCUITS 



The Write Circuits convert para I lei binary data from the host into GCR- 
coded serial data; and generates the CRC character inc luded with each 
data block to be wri tten on the tape. 
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THE FOLLOWING DESCRIPTION CONCERNS BUS MANAGEMENT AND REFERS TO THE 
BLOCK DIAGRAM ON THE PREVIOUS PAGE. 

Communication on the buses is time-shared between the various circuits 
connected to each bus. The ports are controlled in such a manner that 
no collisions occur in the communication paths 

HB-TO-DB PORT 



Carries commands from the host to the Formatter. Controlled by the 
Communications Processor. 



HB-TO-FD PORT 

Carries data from the host to the Data Buffer. Controlled by the I/O 
Control. Enabled whi le the Formatter Processor executes a jump- 
instruction (FD-bus is free) whenever the host has data to be trans- 
ferred to the formatter. 



DTA-TO-HB PORT 



Carries data from the Data Buffer via the FD-to-DTA port; or status 
signals from the Communication Processor to the host. Control led by 
the Communi cation Processor. 



FD-TO-DTA LATCH 



Carries data from the Data Buffer to the host via the DTA-to-HB port . 
Control led by the Communi cations Processor. 



DB-TO-FD LATCH 



Carries commands from the Communi cati ons Processor to the Formatter 
Processor. Loaded under control of the Communications Processor. 
Unloaded under control of the Formatter Processor (mailbox f uncti on) . 



FD-TO-DB LATCH 



Car r i es status signals from the Formatter Processor to the Communication 
Processor. Loaded under control of the Formatter Processor. Unloaded 
under control of the Communications Processor (mailbox function). 



BUFFER PORT 



Carries data from the FD-bus to the FDB-bus . Permanent ly enabled. 
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4. CONTROL BOARD 



4 S 1 Descr i pti on /Ad jus tments/ Schema ti c Di agrams 



Sheet 1 



SPEED REFERENCE GENERATOR 



The voltage regulator U15 provides the reference voltage VREF. The 
reference voltage will only be applied to the Ramp Generator if Q11 is 
held cut off by CAPEN from the control logic. 

REDSPD reduces the reference voltage to the Ramp Generator and hence 
reduces the speed by 10%* 



RAMP GENERATOR 



The voltage step applied to the Ramp Generator when the speed reference 
generator is enabled, gives a linearly rising voltage at the output 
(across C36) . To maintain equal acceleration at 45 ips and 90 ips, the 
IPS90P signal connects C18 in parallel with C36 and thus reduces the 
ramp s lope with a factor of 2. 



TACHO AMPLIFIER 



Amplifies the tacho pulses (TACPLS) to an amplitude sui tab le for the 
f requency-to-vo Itage converter. The time gaps between consequti ve 
pulses, renamed CAPCNT, are moni tored by the processor and the control logi c 
to detect tape motion. 



FREQUENCY-TO-VOLTAGE CONVERTER 



The output signal at pin 6 of U17, a frequency-to-voltage converter, is 
a pulse train in which the duty eye le varies linearly with the tacho 
pulse rate at the input. The time constant and hence the conversi on 
ratio can be varied by adjusting R16. When the 90— i ps ( IPS90P) is true, 

Q7 connects R19/R20 into the time constant circuit and thus alters the 
conversion ratio. 



LOW PASS FILTER AND AMPLIFIER 



Provides smoothing of the pulse signal from the frequency-to-voltage 
converter as well as the requi red phase stabi li sation. The effect of 
the CAPEN signal is to offset the DC error voltage suf f i cient ly to 
insure that there is abso lute ly no tape mot i on when the Speed Reference 
Generator is disenabled. 
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SPEED COMPARATOR 



Compares the speed signal from the Low pass filter with the speed 
reference signal. The resulting signal is applied to the PWM. 



PULSE WIDTH MODULATOR (PWM) 



Comparator U19-7 compares the speed error signal with the saw-tooth 

signal from generator U18-8 and produces a pulse modulated signal with 
a pulse width directly proportional to the required motor torque. 



MOTOR HOLD GATE 



Transistor Q9 connects the input of the Motor Drive Circuit to ground 
while DRST is present during power-up or reset , and will then prevent 
tape motion. Q13 has the same effect if + 12 V fails. 



MOTOR DRIVE CIRCUIT 



The signal from the PWM is applied to the gate of the power FET Q10, 
whi ch c loses the motor circuit from +12 V during 

the on-periods of the PWM signa I provided the motor hold gate is not 
activated. The CAPFWD signal activates the relay K1 whi ch changes the 
motor current and hence determines the di rect ion of rotation. 



DC/DC CONVERTER 



Transi stors Q3 and Q4 open and c lose in anti-phase. The ci rcui t 
consi sts of two "current pumps" : 04 pumps a +12 V into C9 
through CR1 , then Q3 switches the negative si de of C9 to the +12 V 
supply. This approximate ly doubles the voltage at the top of this 
capaci tor referred to ground. C11 is now charged to approximate ly this 
voltage through CR2. 

C10/CR3 and C14/CR4 operate in a way similar to C9/CR1 and C11/CR2, 
except that the posi t i ve side of C10 is swi tched to ground. Thi s means 
that a negative charge is supplied to C14/C13 through CR4. 
Regulator U10, offset by two diode voltage drops, provides a fairly 
stable -6.2 V supply. 
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TAPE SPEED ADJUSTMENT 

Insert a cartridge and connect a 
frequency counter to the test pin. 
IMPORTANT! 45-ips adjustment first! 

45-ips adjustment 



Conditions: Juniper JP1 : OPEN 
Jumper JP2 : CLOSED 

Momentarily short-circuit JP3, and 
adjust R16 to 1475 Hz on the frequency 
counter. 

Alternatively, if no frequency counter 

is available, adjust for the brightest 
red light in the indicator LED at the 
front of the unit. 



90 ips adjustment 



Condi t ions : 

Jumper JP1 : 
Jumper J P2 : 



45 ips tape speed must be 
correctly adjusted. 
CLOSED 



Momentarily short-ci rcui t JP3 and 

adjust R19 to 2951 Hz. 



Alternatively, if no frequency counter 
is avali able, ad j ust for the brightest 
possible red light in the indicator 
LED at the front. 




JP3 

Start jumper 



JP1/JP2 
Drive select 
jumpers 



R16 

45 ips adjust 



R19 

90 ips adjust 



Test pin for 
tacho frequency. 
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TIMING CIRCUIT 



The x-tal osci L Lator U1-3 operating at 7.2 MHz drives the ripple counter 
U4, from whi ch the various clock signals are avai lable. 



CONTROL LOGIC 



The mi croprocessor U9 is programmed during the powei — up phase to operate 
as an input/output processor with no external data or address bus. 

The mode programmi ng of U9 is carried out automati cal ly during power-up 
via the data selector U7 which applies +5 V to pins 8, 9, and 10 of U9 
whi le the DRST* pulse is applied to U7. This sets U9 in single chip 
mode. After powei — up the same lines are used for input signals connec- 
ted via U7. 

The processing of the i nput signals to produce the requi red outputs is 
control led by a program stored in the internal program memory in U9. 

The STEPEN signal from the processor enables the stepper motor dual 

drivers, U12 and U13 (see detai I schematic), and al lows the drive signal 

from the processor to connect the outputs Y1 and Y2 of each driver to 

ground alternately at the drive pulse rate . The result is that the two 
halves of each motor winding draws current from the +12 V supp ly duri ng 
alternate half eye les of the dri ve signal . 

The drive signals for the two motor windings are in quadrature. 



FORMATTER I/O CIRCUITS (Part of) 



Convert V. 1 1 input and output signals to and from TTL-levels . 



i nnuotno un i « 




STEPPER MOTOR DRIVE 
(Detail of Control Board) 



+ 12 V 




Detail of stepper motor drive. 



HEAD SWITCH ADJUSTMENT 
Conditions : 

* Not-wri te-protected tape cart ridge inserted 

* Jumper JP1 c Losed 

* Jumper JP2 open 

Turn the head switch screw counterclockwise 
unt i I it no longer protrudes above the head 
p latf orm. Momentarily short-ci rcui t JP3 to 
start the drive in search for the tape edge. 
Wai t for the front pane I light to switch of f . 
Then turn the head swi t ch screw c lockwi se 
until the red front pane I light just switches 
on agai n (be careful not to ad j ust further 
clockwise beyond this point). 




Head switch 
set screw. 



Use the 1 . 5 mm Allen key. 



NOTE : After comp let i ng the adustments, open 
the door s lowly to a I low the head to 
move up to Track 1 posi t i on . 
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FORMATTER I/O CIRCUITS (Part of) 



Convert V.11 input and output signals to and from TTL-levels . 



RESET CIRCUIT 



The reset sequence is initiated by a reset signal, RESET from the host 
via the Formatter, or by a power-up condi tion. 

In ei ther case the processor U9 and the 1)6 flip-flop is reset, and its 
output DRST* will in turn set the data selector U7 so as to apply +5 V 
to the programming inputs of U9. DRST also goes to the motor hold gate 
of the Capstan Servo where it prevents tape motion unt i I the power-up or 
reset condi tion is over. 

When the processor finds the conditions mature for normal operati on, it 
ends the reset sequence by applying RSTOFF to the reset flip-flop, U6. 



WRITE CIRCUIT 



The write/bias current fed to the center tap of the write head is 
supplied from a gated voltage generator . The write and bias signals are 
synchroni zed in the bi as/ wr i te gates . 

The write current is inhibited in reset mode by DRST*, and SAFE from the 
sensor board inhibits writing if the tape cartridge is set for wri te 
protection. The 600-f eet signal from the control logic sets the write 
current in accordance with the tape type present in the recorder. 

The effect of the precompensator is to adjust the spacing between the 
write pulses in order to compensate for pulse crowding. The phase 
splitter f I i p-f lop, U6, togg les at the write pulse frequency and pro- 
vides a symmetri cal drive s i gna I for the bias/ write gates . 

The write enab le logi c controls the passage of write data from the 
formatter as we 1 1 as activation of the erase circuit. 



3 ESE T 




Simplified detail of Reset Circuit. 



Fold out 



from 

Formatter 



V FYDATA 



ERASE CIRCUIT 



TDATEN - 
DERFN - 
DYEEN - 



WRITE 

ENABLE 
LOGIC 



PypATA* L : 



7.? «H?_ 

3.6 i»mz _ 

1.8 *M Z - 

0.9 
0.45 



P*E- 

CORPEN- 

SAT08 



PHASE 

S ? L I TIER 
>*LI P - 
f LOP 



~ E 8 A S F 
- E«ASE 



U3 



s:*s/ 



U22 
■j 2 3 



PIAS- 



I 



BIAS/ 

WRITE 
"IXFR 

j CM. fi 



•iweew»— — a 



J to e I t e / 

j P B * S E 

-"! r >£ME RA TCB 



Simplified detail of Write Circuit , 



w»:te 

HEAD 



HEAD 

cm. e 



Driven by ERASE+ and ERASE- respectively, transistors Q18 and Q19^ 

swi tche the erase current whi ch is supplied from Q15. The potentiometer 

R87 adjusts the symmetry of the circuit. 



WRITE CURRENT ADJUSTMENT 
Condi ti ons : 

* Tape speed correctly adjusted 

* Not-wri te-protected tape cartridge i nserted 

* Jumper JP1 c losed 

* Jumper JP2 c losed 

* DC voltmeter connected to the WCUR line. 
(Accessible from bottom of control board 

or on the head connector. ) 

Momentarily short-ci rcui t JP3 to start the 
tape, and adjust R72 for 14 V on the WCUR line, 

ERASE BALANCE ADJUSTMENT 
Condi tions : 

* Not-wri te-protected tape cartridge inserted 

* Osci I loscope connected to TP2-2 and g round . 

Set up a write command (60 hex pattern) on 
track 0 and ad j ust with RS7 unt i I balance is 
obtained (A*i =A^) . 



0V — 




Write curren* 
adj ust 





4.2 Cont roL Board Component Locat i on 



The Control board has revision Level 0, and is seen from the component 

side a 



Capstan 

Motor 

Connector 

Capstan 
Tacho 

Connector 



Stepper 
Motor 
Connector 

Head 
Swi t ch 

(Sheet 2) 




Write 

-f-Cur rent 
Ad j ust 



Read 

Board 

Connector 



TP1 90 ips 45 ips 

Tape Speed 
Adj ust 



Formatter 

Cable 
Connector 



Power 
Cable 
Connector 



JP1/JP2 



Read 

Board 

Connector 
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4.3 Control Board Mnemonics Li st 



The mnemonics refer to the scemati c diagrams for the Control board. 
yj A f ol lowing a signal denotes the inverted signal . 

Fo Id out 



MNEMONIC , 


FUNCTION 


0.45 MHz 


0.45 MHz timing signal 




0.9 MHz 


0.9 MHz timing signal 




1 .8 MHz 


1.8 MHz timing signal 




28 kHz 


28 kHz timing signal 




3.6 MHz 


3.6 MHz timing signal 




56 Hz 


56 Hz timing signal 




56 kHz 


56 kHz timing signal 




7.2 MHz 


7.2 MHz timing signal 




600Ft 


600 feet tape, sets write current for 600 ft. 


tape 


90IPS 


Control line, drive operates at 90 ips when active 


9TRACK 


Control line, tells processor that 9-tr . head 


is connected 


ACLEV 


Acceptable level on read channel 




BIAS+ 


Bias posi ti ve s i gna I 




C APCNT 


Capstan tacho pulse, counts t ac ho pu I ses 




CAPEN 


Capstan enab le 




CAPFWD 


Capstan forward, sets capstan motor di recti on 




CCMM + 


Command positive line 




COMM- 


Command negat i ve line 




DEREN 


Drive erase enab le 




DRST 


Drive restart 




DRST* 


Drive restart 




DWEEN 


Drive write enable 




ECUR 


Erase current 




EL1 


Erase leg 1 , connection for erase head 




EL2 


Erase leg 2, connection for erase head 




ERASE+ 


Erase positive 




ERASE- 


Erase negative 




FWDATA 


Formatter write data 




FWEEN 


Formatter write/ erase-enab Le 




GRL y .P* 


Green lamp 




ICOMM 


Internal command line 




INPLACE* 


Cartridge in place 




IPS90P 


90 ips control led from processor 




IREFWD 


Interna I read forwards, enab les heads 




IREFWD* 


Interna I read forwards, enables heads 




ISTAT 


Interna I status line 




itpcl:< 


Internal transmitter clock 




IWCLK 


Interna I write clock 




I WEEN* 


Interna I wri te/ erase-enab I e 




LCWSNS* 


Lower sensor 




MDIS* 


i Capstan motor disable 




PWCLK 


; PAL write clock 




PWDATA* 


I PAL write data 
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mmpmoiut r 


FUNCTION 


DC] 


Kcau CLOCK T rum reao DOdia 








KcaQ CLOCK, puS ill Vc IO TuriHaLie r 






pr t If— 


Keao c lock, negative to Tormatter 






Ph ATA 


Read data from read board 






PH ATA+ 


Keao oata pos • to to "at t e r 






P H A TA — 


rtcou oata neg • to to rma 1 1 e r 






PHI AMP* 


Keo Lamp 








Keauces speea oy iu ^ 








Keao to rwa ro s 








Kcau TOrWaras 






ppepT* 

PC Co EL 1 w 


Reset 






DPI C 


Keao puLse 








Rest a rt 






PCTHPP 


Kest a rt ott 






oM r c 


tartnoge write protecteo 






epi prT 


pnve se l ec tea 






CP| CTCT+ 


triggers on v-e se l Tt est s 






cpi 1* 


un vc scLcCl s 






cpi n* 

O uLU * 


Ur 1 vc ScLcCI u 






J 1 11 1 A 


oensor inier rupt 






CTAT+ 


Status positive to formatter 






CTAT- 

g 1 M 1 


Status negative to formatter 






CTD1 
girl 


Stepper motor 1 








Stepper motor 1 






o i r c 


Stepper motor 2 








Stepper motor 2 






TAPIf I cr\ 


Tachometer Led current 






TAP PI ^ 


Tachometer pulse from capstan motor 






Tft ATPN 


Test data enable 






I r\ L. L» f\ * 


Transfer c lock positive, from formatter 




i n u 4=, f\ 


Transfer clock negative, from formatter 




iipcpigc* 

ur o cii w ** 


Upper sensor 






wpp p 


+5 V ref . voltage 






Uf I If + 


Write clock posi t i ve to formatter 






Uf I if— 


Wri te c lock negative to formatter 






W L U K 


Write current 






u n A T A + 


Wri te data positive to formatter 






UH A TA — 


Wri te data negati ve to formatter 






UPCKIJ. 

w c en" 


Wri te/erase enable, posi ti ve 






nUt.li 


Wri t e/erase enable, negati ve 






ULA1 

ft L» r% 1 


Wri te leg A 1, connection for lower 


write 


ncau 


Ul A? 


Wri te leg A 2, connection for lower 


write 


head 


UL R1 


Write leg B 1, connection for upper 


write 


head 


WLB2 


Wri te leg B 2, connection for upper 


wri te 


head 


WRPLS 


Wri te pulse 






WRTPRO* 


Wri te protected cartridge 






WRTPRO 


, Wri te protected cart ri dge 
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4.4 Control Board Parts List 



Comp. Designator 


Part no. 


Description 


Qty. 


Capac i tors 








C1 


386386 


82 pF cer.1 


1 


C2, C11, C14, 








C24, C32 


398634 


100 uF ELKO +/-20 % RE (F) 35 V 


5 


C3, C17 


359232 


0.022 uF MA 105 E 223 MAA 


2 


C4, C8, C12, 








C13, C15, C19, 








C21, C25, C27, 








C30, C31, C37, 








C38, C42 


393311 


0.1 uF SA 205 E 104 MAA 


14 


C5, C35 


382456 


1000 pF cer.2 10 X min. 50 V 


2 


C6 


383864 


100 pF cer.2 10 % min. 400 V 


1 


C7 


394784 


0.1 pF p.est.M 10 7. 50 V 


1 


C9, C10, C16 








C23, C39 


381637 


22 uF tantalum 16 V 


5 


C18, C36 


392047 


0.47 uF p.est.M. 10 % 50 V 


2 


C22, C40, 










7fl AOOO 

J0*f777 


n m mi; 


L 


C26 


402618 


0.022 uF P. car 5 % 25 V MKC 1862 




C28 


382183 


2200 pF cer.2 10 % min. 50 V 




C29 


390467 


0 22 uF d est.M. 10 63 V MKS2 




C33 


383354 


0.22 uF CAC4Z5U224M/SA305E224MAA 


1 


C34 


381192 


220 pF cer.2 10 X min. 50 V 




C41 


392385 


3.3 uF tantalum 


1 


Di odes 








CR1 


400752 


1.3 kohm met. film 1 X, 1/8 W 


1 


CR2, CR13 


404756 


• 120 SB 120 


2 


CR3, CR4, CR5 


385107 


10 RGP 10J 


2 


CR6, CR7, CR8, 








CR9 CR1D CR12 








CR14, CR15, CR16, 








CR17, CR18, CR20, 








CR21, CR22, CR23 


384841 


1N 4148 


16 


CR11 


399467 


100 D100-4S LED (LD100-5/S) 


1 


CR19 


286560 


ZENER 8.2 V 


\ 1 


CR24 


350833 


AA 135 


1 



Comp. Designator , 


Part no. , 


Desc r i pti on 


Qty. 


C i rcu its 








Ui 


t / n a / n 

04Uo4U 


r 4L5 I 3 4 






7QOC 1 © 


"5X1 C T "5 

26LS52 


i 


i 1*7 

Ui 


TOT nx Q 


r 4LSb4U 


i 


U4 


5o ( r UU 


7/ 1 o707 
f 4L SjVj 


1 


1 f C 


TO 1 Q7Q 
JO I 7JV 


7/1 ens kt 
( 4LbUoN 


i 


1 IA 

uo 








Uf 


7Q.?Q.o.n 

jQcOOU 


7/1 C 1 ^ 7 




Uo 


7PAAHA 


7 AHA M 


1 


s si n 

U I u 


Anno^ a 

HUU7 j o 


701 as: a r 


1 


U I I 


7 Q01 AA 

JOT I OO 


9Ai C7 1 




UIc # U I J , Ucc , 








UO , Uc4, Uc j 


707-577 

J7J LJ J 


7C//*) 

( jhOc 




114/ 1 |*"5 i 

Ul 4, U£I 


ox 1 A7 n 

TO I OjU 


1 DL j jUU WK Abe Dec • T 1 rmw. 




U 1 3 


7 0/ 7C c 


7 Q 1 AC»/»D 

/ oLUDALr 




U17 


393068 


76810P 


1 


U18 


401066 


MC3403 




U19 


389892 


LH311 


; 


U20 


384324 


74KS02N 




Trans l s to rs 








ni nA no 

u i , uo / y y f 








Q I I , Q1 2 / Q I i , 








Q 1 4, Q 1 r 


7 Q A / 7 A 


C /. Q or C/,fiD D 1 

D4o dL Dhcd KL 


Q 

O 


Q2, Q7, Qo, 








Q l 6 


7 q 0 c /, n 

jO/J 4U 


CC7 or C C7Q p| 


A 


A7 


4UUOTT 


D i n r b WD I 


1 
I 


Q4 


402296 


1 Mpswoi 


1 


Q10 


401290 


71 BUZ71A 


1 


Q15 


379066 


490 BC490E p RL 80V1A 625MW DATA 


1 


Q18, Q19 


392852 


6 MPSU06 


2 


Assorted 








U3UU 


hUjjjo 


c nr ^ — — A 37 ^ 7 — 7 

op r 1 ng oljj j 0 


1 


J 1 


a n ? 1 a ^ 


Mny Leu la 11 pin LUl lilcL LUi 


1 


J2 


/ n.9 A A A 

HUCOOO 


17990A-»1 A-m'nc M/177PQA— 1 AMP 
I ( CLC/ h I h pins I I / i < CL7U i mi i r 




Jo 


/ ro n /. 7 


J (lOO 0 


1 


J4 




Dcoo mm c c~p i n 




J5 


40421 4 


j20r-Uj j~pm 




J6 


402235 


j2o r -U4 4-p 1 n 




J7, J8 


391717 


826632—3 2 straight rows 2x3 pin 




J9 


402324 


1 oioou-o i U-p i n connector 


i 


J 1 0 


4U J 2o j 


c *-) A7 — H7 7— r>4?n 




J 1 1 


Vol 60 ( 


So c k e t unde r S1 




v n n ■i 

XRP I 


hUUj I £ 


oOCKcl h t J7JUU IH pin 


1 


JP1 , JP2 


402744 


Jumper C42315-A1347»A102^ 2 poL 




Y1 


, 399338 


7.2 MHz N018/C series-res. 




TP1 


338894 


4 mm metal plint 




si ■ 


403338 


Deoress switch 
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Comp . Designator . 


Part no. 


, Description 


Qty. 


Resi stors 








R1 


400752 


1 .3 kohm met. film 1 X 1/8 W 


1 


R5, R6, R57, 








R58 


404198 


470 ohm met . 1 % 


4 


R2, R67 


390252 


1 Mohm met .film 1 % 


2 


R3, R4, R13, 








R20, R21, R25, 








R26, R29, R31, 








R32, R36, R39, 








R40, R41, R42, 








R44, R63, R64, 








R65, R74, R75, 








R77, R78, R79, 








R80, R81, R82, 








R83, R85 


403188 


10 kohm met. film 1 % 


29 


R87 


402153 


10 ohm potmeter 


1 


R7, R8, R22, 








R24, R43, R48, 








R66, R76, R84, 








R86 


403127 


1 kohm met . film 1 % 


10 


R9 


401457 


2 kohm met . f i Im 1 % 


1 


R10, R11, R14, 








R62 


403579 


220 ohm met. f i Im 1 % 


4 


R12, R30 


403864 


330 ohm met. f i Im 1 % 


2 


R15 


400447 


180 ohm met. f i Im 1 % 


1 


R16, R19 


402165 


Pot. meter 10 kohm T7YB 


2 


R17, R18 


400516 


20 kohm met. f i In 1 % 


2 


R23, R73 


400565 


100 ohm met. f i Im 1 % 


2 


R27, R35 


401848 


47 kohm met . f i Im 1 % 


2 


R28 


403416 


270 kohm met. f i Im 1 % 


1 


R33, R50, R51 








R54, R55 


403196 


3.3 kohm met . film 1 % 


5 


R34 


401738 


9.1 kohm met. f i Im 1 % 


1 


R37, R68, R69 


383821 


470 kohm met. f i Im 1 % 


3 


R38 


403249 


56 kohm met. f i Im 1 % 


1 


R45 


400732 


2.2 kohm met . f i Im 1 % 


1 


R46 


400117 


4.7 kohm met . film 1 ?! 


1 


R47 


404361 


3.9 kohm met . film 1 % 


1 


R49, R52, R53, 








R56 


312229 


1 kohm met . f i Im 1 % 


4 


R59 


404752 


22 ohm met . film 1 % 


1 


DAD 
KOU 


HUcOo ( 


77 Unhm mat* film 1 % 


1 


R61 


385265 


330 kohm met. film 1 7. 


1 


R70, R71 


403974 


150 ohm met. f i Im 1 % 


2 


R72 


400434 


Pot . meter 2.2 kohm TX 


1 


RP1 


401998 


100 ohm package DIL 20 % 


1 


RP2, RP3 


, 388311 


, 10 kohm package 4310R-101-103 


, 1 



5. READ BOARD 



5.1 Circuit Description 



The foL Lowing describes revision Level 0 of the Read board. There are 
major changes between revi son Level 0 and revision leve I 1 , most of them 
in the data detector ci rcui try. This will be described when the manua I 
is updated. 



FILTER AND PREAMPLIFIER 



The read head is part of the input filter that precedes the amplifier 
U1 . The filter has a low pass characteri sties. 



ADJUSTABLE-GAIN AMPLIFIER 



The amplifier is common for the two channe Is, however the gain is 
individually ad j ustab le for channe I A and B to compensate for di f f erent 
characteri sti cs of the two sect i ons of the head. 



GAIN CONTROL SWITCHES 



The gain control potentiometers R5 and R6 for channe I B and channe I A 
respectively are connected into the c i rcui t vi a the diodes CR1 and CR2 
whi ch are switched by the signals REFWD and REFWD*. 



DIFFERENTIATOR 



The capacitors C16 and C17 in conjunction with the filter succeeding the 
Channe I selector di ff erent i ates the signal and thus transforms the peaks 
of the signal into zero crossings . 

CHANNEL SELECTORS 



Channe I A is selected when REFWD* switches Q3 and Q4 on. Simi lari ly, 
channel B is selected by REFWD. 




Circuit diagram of Data Detector U2 . 
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DATA DETECTOR (U2> 



This circuit is custom made for Tandberg Data . Two comparators at the 
front end of the circuit detect the zero-crossings of the differen- 
tiated read s igna I . Control signa Is verify the validity of the resul- 
ting pulses whi ch trigger a precision one-shot that generates 550 ns 
pulses ( RPLS) . Another one-shot, in series, generates the read data 
signa I ( RDATA) . 

U2 also generates the ACLEV signal that i ndi cates that the leve I on the 
read channe I is acceptab le . 



READ CLOCK GENERATOR (113) 



Thi s circuit is custom made for Tandberg Data . It is a phase-locked 
loop that generates the RCLK* signal that f ol lows the long term vari- 
at ions of the bit rate . 



GAIN CONTROL ADJUSTMENT 



The adjustment potentiometers for gain in 
channe Is A and B ( forward and reverse) , are 
access i b le when the top cover has been removed. 

Condi t i ons : 



Tape speed correctly adjusted 
Write current correct ly ad j us ted 
Jumper JP1 c losed 
Jumper JP2 c losed 

Oscilloscope connected to TP2-1 or TP2-2 
Not-wr i te-protected tape cartridge i nserted. 



Momentarily short-circuit JP3 to start the 
adjustment. Adj ust R6 for slight c lipping of 
the signa I while the tape moves forward (see 
scope pi cture 1 ) . Wai t for the tape to reverse 

and adjust R5 similarly. 
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5.2 Read Board Component Location 
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5.3 Read Board Mnemonics Li st 



The mnemoni cs refer to the schematic diagram for the Read board . 
A following a signal denotes the inverted signal. 



MNEMONIC 


, FUNCTION 


90IPS 


90 ips control I i ne, drive operates at 90 ips 


when active 


9TRACK 


Control line, tells processor that 9-tr . head 


is connec ted 


ACLEV 


Acceptable level on read channe I 




IWEEN* 


Internal wri te/erase-enable 




RCLK* 


Read clock 




RD ATA 


Raw read data from read board 




REFWO 


Read forwards, enables lower heads 




RLA1 


Read leg A 1 connection for lower head 




RLA2 


Read leg A 2 connection for lower head 




RLB1 


Read leg B 1 connec t i on for upper head 




RL82 


, Read leg B 2 connection for upper head 




RPLS 


Read pulse 
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5.4 Read Board Parts List 



Comp. Designator 


Part no. 


Description 


Qty. 


Capacitors 








C1, C2 


386386 


82 pF cer.1 2 X 


2 


C3, C4, C9, C10 


393311 


0.1 uF SA 205 E 104 MAA 


4 


C5, C6, C16, 








C17 


288608 


180 pF cer.1 2 % 


4 


C7, C8 


381637 


22 uF tantalum 16 V 


2 


C11 


382298 


560 pF cer.1 2 X 




C12 


380064 


1500 pF cer.2 10 X min. 50 V 




C13 


401461 


15 pF cer.1 2 % 




C14 


388160 


68 pF cer.1 2 X 10 V 


1 


C15 


394784 


0.1 uF p. est. M.10 X 50 V 


1 


Diodes 








CR1, CR2 


384841 


1N 4148 


2 


Resi stors 








R1, R2 


403188 


10 kohm met. f i lm 1 Z 


2 


R3, R4 


403196 


3.3 kohm 1 X 1/8 W 


2 


R5, R6 


400434 


Pot. meter 2.2 kohm TX 


2 


R11, R12, R23 


402630 


3.16 kohm met. film 1 X 


3 


R14 


404198 


470 ohm met . f i lm 1 X 


1 


R15, R16, R22 


403025 


2.7 kohm met . f i lm 1 X 


3 


R17 


404752 


22 ohm met . f i lm 1 X 


1 


R18 


400565 


100 ohm met. f i lm 1 X 


1 


R19, R20 


401294 


1 .5 kohm met. f i lm 1 X 


2 


R21 


401123 


68 ohm met . f i lm 1 X 


1 


Transi stors 








Q1, Q2, Q3, Q4 


392874 


971 MPF 971 


4 


Ci rcuits 








U1 


400540 


MC3467P 


1 


U2 


403224 


TDMB004 custom made for TD 


1 


U3 


920047 


TDMB003 custom made for TD 


1 


U4 


394755 


78L05ACP 


1 


Assorted 








J1 


402235 


5267-04 4-pin 


1 


L1, 12, L3, L4 


397082 


1000 uH 10 X 


4 


L5 


392960 


100 uH 10 X 


1 


L6 


393778 


220 uH 10 X Plessey 


1 


P7, P8 


403408 


Connectors, 67118-003 2x3-pi'n 


2 


TP1, TP3 


385503 


Test points, 826629-2, 1 row 1x2-pin 


2 


TP2 


390574 


Test point, 826629-3, 1 row 1x3-pin 


1 
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SENSOR BOARD 



6.1 Description and Adjustments 



SAFE is true when the tape cartridge in the basic drive is set for 
write protection (S1 open) . Switch S2 confirms the presence of a 
cartridge in the drive by generati ng the INPLACE* signa L (S2 c Losed) . 

Light from the two Light emitting diodes CR1 and CR2 activates the 

corresponding photo transistors Q1 and Q2 when a hole in the tape 
opens the Light path. Q1 wiLL detect a hoLe in the upper part of the 
tape and resuLts in UPSENS* being generated. Simi Lary, LOWSNS* is 

generated when Q2 detects a hoLe in the Lower half of the tape. These 
signa Ls are anaLyzed by the processor on the ControL board to determine 
the position of the tape. 



Adjusting Sensor Sensitivity 



Move the scope probe to U1 pin 5 and a L i gn 
one of the Lower tape hoLes with the Lower 
sensor (max si gna L) . Use R3 to ad j ust to 
10 us c Lipping as described above. 



Rewind the tape to BOT. Turn the capstan 
wheeL s LowLy to a Lign one of the upper 
hoLes in the tape with the upper sensor . 
Thi s corresponds to max signaL on the scope. 
Then ad j ust R2 to obtain c Li ppi ng over 10 us 
of the signaL period (see pi cture) . 



* Cartridge i nserted 

* Osci L Loscope connected to U1 pin 3 



Condi t ions : 





2 V/div 
10us/div 



10us 



3 
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6. 5 Component I or at U 



6.4 Mnemonics List 



The mnemonics refer to the schematic diagram for the Sensor board. 



MNEMONIC 


FUNCTION 




28KHz 


28 kH2 timing signal 




GNO 


Ground 




INPLACE 


Cartridge in place 




LOWSNS 


Lower sensor 




SAFE 


Cartridge wri te protected 




UPSENS 


Upper sensor 





6.5 Parts List 



Comp . Designator 


Part no . 


Rescript ion 


Qty. 


Capac i t or s 








C1 
C2 


384489 
394784 


10 uF tantalum 25 V 

0.1 uF p. est. MKT 1817/MKS 2 


1 
1 


Diode 








CR1, CR2 


394080 


sep 8506-104 IR-LFD. side row 


1 


Res i stor s 








R1 

R2, R3 


317249 

402491 


31 .6 ohm met . film 1 % 

Pot. meter 220 kohm TX 220 K 


1 

1 


Circuit 








111 


404173 


TDMB002 Custom made for TD 


1 


Assort ed 








L1 

P9 

01, Q2 
S1, S2 
04 00 
0450 


393778 
401147 
404841 
403505 
402964 
402406 


Coil 220 uH 10 X 11x5mm Q>45 

163740-8 10-pin 

Transistor 500 or 500 SIB 

Switches SS-5 GLD 

PA 6 black plastic bracket 

Spring, write protec t 


1 
1 
1 

2 
1 
1 
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PAH I I Y CHI CM K AND ULNl HA I OK 



Checks data and commands from the host for odd parity and generates 
PERR* when parity error is detected. Sets correct level of parity bit 
in data and status words to the host . 



Dl A-TO-IIU PORT 



Carries data tu the host when enabled by DIRS from t he Communi cat i ons 

Processor . 



HU-TO-FD PORT 



Carries data from the host to the Data Buffer when enabled by PWDEN* 
from the l/O-cont rol ler in the handshake cont rol during the short time 
interval when the formatter Processor makes a jump. 

fD-TO-DTA LAKH 



Loaded with data from the Data Buffer on the PL DRD* pulse from the l/O- 
cont rol . The contents of the latch is applied to the DT A-bus whi le 
DTEN* from the System Cont rol Latch is present . 

HB-TO-DU PORT 



Carr ies commands f rum t he host to the formatter when enabled by COMtN* 
from the Communications Processor . 



DATA TRANS f LK HANDSHAKE CONTROL 



Exchanges status signals and commands between the host and the 
format ter . The signals affect operation of the data buffer, t he 
formatter processor and the Host Communications cont rol . 
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Signal connections between this circuit diagram 
eheet and other theete of the Formatter circuit 
diagram. 

Connection® to other hoards are also shown . 
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COMMUNICATIONS PROCESSOR 



The mi croprocessor with its interna I program memory has an overri di ng 
cont ro I over all f unct i ons of the basic dri ve and the formatter . . 

Thi s includes! 

* Readi ng and decoding commands f rom the host via HB-to-DB port . 

* Starting or stoppi ng the tape . 

* Movi ng the head to the next track when reversi ng at BOT. 

* Searching for tape edge or reference t rack at the begi nni ng of a tape . 

* Reversi ng tape mot i on, and carryi ng out a re-try operat i on when a 
readi ng error has occurred. 

* Keeping track of the the number of blocks and f i lemarks on the tape 
and how many times repeated readi ng and wri t ing has been carried out . 



The processor also has communi cat i ons tasks, such as : 

* Loading commands to the Formatter Processor into the 08-to-FO latch . 

* Readi ng the contents of the FD-to-DB latch to obtain status infor- 
mation from the Formatter Processor . 

* Unloading the contents of the FD-to-OTA latch into the DTA-bus . 



ADDRESS DECODER 



Decodes data from the processor to provi de the various clock pulses and 
enabling pulses . 



STATUS AND CONFIGURATION LATCH 



Via this port the Communi cat i ons Processor can read: 

* The si ze of the i nst a I led buffer ci rcui ts (necessary for generation of 
the correct segment addresses ) . 

* Parity error . 

The Port is enabled by CONFEN* 



SYSTEM CONTROL LATCH 



Stores a system cont ro I word issued by the Communi cat i ons Processor . 
Each bit in the cont ro I word represents one parti cular system parameter. 



DB-TO-FD LATCH 



Stores commands from The Communi cat i ons Processor to the Format ter 
Processor . The latch is loaded on the WRFORM-pulse from the Address 
Decoder, and output data is a vai lable on the FD-bus duri ng the DEN* 
pulse from the Formatter Processor . 



TANDBERG DATA 




HOST 

COMMUNI- 
CATION 



Sheet 1 



77 




TIMING 


ETC. 




Sheet 8 


"DCLK | 7, 


2M | 


I MPUWOD* 




i t 





BD 0-7 



\ m °- 7 [> 



-°ERR* - 

-SEL - 
-REQ* - 
-DIRS - 
"SEXC* - 
-SINGL*- 
-LONL " 
-EONL* " 
-ROY* - 
-SRDY* - 
-ROYS " 
-COWEN*- 
— 0 TEN 



COMMUNICATIONS 
PROCESSOR 
(with 

Address 
Decoder ) 



Sheet 2 



i 



FD 0-7 



RDFORM 

TPFACK* 



4 + 4 
T 

DEN* 



-COMM 

-COMM 

-WREN 
-WREN 

-STAT 
-STAT 



CONTROL 
BOARD 

(in 
Basi c 

Dri ve) 



TPFS* 



WRTEN 



FORMATTER PROCESSOR 

Sheets 3 £ 4 



Signal connections between this circuit diagram 
sheet and other sheets of the Formatter circuit 
diagram . 

Connections to other hoards are also shown . 
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FORMATTER PROCESSOR 



PROGRAM COUNTER 



Loaded from Program Memory and Instruction Latch when a jump instruc- 
tion is to be executed (PLD* present ) . Counts up on FCLK pulses between 
the jump instructions . MPUMOD* i ni t i a Li zes the program counter at 
power-up and reset . 



PROGRAM MEMORY 



PROM containing the ent i re program for the Formatter Processor. The 
address being applied from the program counter se lects the instruction 
to become avai lable at the output. 

INSTRUCTION LATCH 



Loaded f rom the Program Memory when IREN* from the Inst ruct i on Decoder 
is present . The latch then holds the instruction for one FCLK peri od 
in 1-byte instructions; or unt i I the operand has been t ransf erred in 
2-byte instructions. 



OPERAND LATCH 



Loaded from the program memory . In a 1 -byte instruction the operand 
latch is loaded with the instruction. In a 2 -byte i nst ruct i on it is 
also loaded during the first FCLK pulse with the instruction (whi ch is 
not used) , but ends up with the operand after the second FCLK pulse. 



INSTRUCTION DECODERS 



Each instruction word stored in the i nst ruct i on latch will ac t i vate one 
or more of the output I i nes from the decoders dependi ng on the operat i on 
to be carried out • 



DATA BUS BUFFER 



Connect s the output of the Operand Lat ch to the FD-bus when requi red . 



SCRATCH-PAD RAM 



Tempora ry storage for vari ables and system parameters used by the for- 
matter p rocessor . 



TANDBERG DATA 
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JUMP SELECTOR 

Generates PLD* which initiates Loading of the Program counter when a 
jump instruction is to be executed. The j ump condi tion is determined 

by the instruction bits IB4-IB6. JMPE* enables the selector. While the 
jump instruction is carried out the FD-bus is not occupied by the for- 
matter processor and can therefore be used for data transmissions 
between data buffer and host . 
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Signal connections between this circuit diagrcr, 
sheet and other sheets of the Formatter circuit 
diagram . 

Connections to other boards are also shoun . 
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ARITHMETIC /LOGIC UNIT 



Performs ari thmeti c and Logic operations on data from the FDB bus and 
from the accumulator output . The result is presented to the accumu- 
lator input . The operation to be carried out is determined by IB0-IB2 
from the Instruction latch. 



ACCUMULATOR 



Stores the resu It from the ari thmet i c/ logi c unit. 



ACCUMULATOR BUFFER 



The tri state outputs of these line drivers are enabled by AC EN* from the 
instruction decoder (sheet 3) . Data in the Accumulator Buffer can be 
di stributed to the f ol lowing ci rcui ts : 

- Data Buffer (Sheet 7) 

- Block Address Selector (Sheet 7) 

- Externa I Address Counter (Sheet 7) 

- Scratch Pad RAM (Sheet 3) 

- FD-to-DB Latch (Sheet 4) 

- System Control Latch (Sheet 2) 

- Write FIFO (Sheet 5) 



SYSTEM STATUS PORT 



Applies system status parameters to the FD bus when the tristate outputs 
are enab led by RDS* from the Instruction Decoder (sheet3) . 



SYSTEM CONTROL LATCH 



Generates system control si gna Is based on data pi eked up from the FD-bus 
when REG* is present . 



FD-TO-DB LATCH 



Status signals for the Communication Processor is loaded into the latch 
from the FD-bus whi le DLD* is present . The tristate outputs apply the 
stored information to the DB-bus during RDFORM*. 



ZERO DETECTOR 



Provides two of the input signals (ZERO and ZERO*) to the Jump Se lector 
when the accumu lator output is zero. 
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Signal connections between this circuit diagram 
sheet and other sheets of the Formatter circuit 
diagram . 

Connections to other boards are also shown . 
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WRITE CIRCUIT 



The write operation includes the following phases as determined by WMO 

and WM1 from the Write Data Sequencer: 



* Generation of the preamble. Takes place in the write data cont ro I ler 
unti I the write FIFO is full (whi le WM0=0 and WM1=0) . 

* Generation of the marker (1 byte) • Takes place in the write data 
controller when WM0=1 and WM1=0. 

* Conversion of the 512 data bytes and the block address into 5-bit 
serial GRC code. Takes place in the Write Data Cont rol ler when WM0=1 
and WM1=1. 

* Generation of the CRC character, which takes place in the CRC genera- 
tor throughout the whole data field, and block address and subsequent- 
ly converting it into 5-bit serial GRC code (takes place in the write 
data control ler when WM0=0 and WM1=1) . 

* Generat i on of the postamble. Takes place in the write data controller 
when WM=Q and WM1=Q (high density mode) . 

The durations of preamble, data fie Id and postamble are cont rol led by 
the Format terProcessor. 



WRITE FIFO CONTROLLER 



Generates : 

* Read and write addresses for the Write FIFO. 

* FIFO FULL signal whi ch makes the Write Data Sequencer leave the high 
densi ty mode . 

* FIFO empty (EM) whi ch makes the sequencer enter CRC mode. 

The FIFO control ler is enab led by WRTEN from the Formatter Processor, 
whereas DWLD c locks the write address counter. 




Write FIFO Controller timing . 



Fold out 

\TwrTtE FIFO 



Data from the FD bus can be wri tten into either one of the four FIFO 
locati ons as determined by the write address white the WLD* pulse is 
present . 

Reading out from the FIFO is control led by the read address bits RCA and 
RCB, and takes place in two consecutive 4-bit nibbles. The MSN * or the 
LSN* enabling pulse from the Write Data sequencer selects the most 
significant or the least significant nibble. 



WRITE DATA SEQUENCER 

Interacts very closely with the Wri te Data Control Ler in the vari ous 
phases of the wri te operation described above. WCLKS determines the bit 
rate of the seria lized data si gna I from the Write Data Control ler 
whereas WCLKS controls the nibble operation. Status signals from the 
FIFO Control ler(EM and FULL) change the mode of operati on . 



WRITE DATA CONTROLLER 



Performs the conversion of 4-bit nibbles into seria I 5-bit GRC code 
in interaction with the Write Data Sequencer . 



WRITE CLOCK SYNCHRONIZER 



Locks the WCLK signa I from the Contro I Board to the FCLK to generate the 
WCLKS pulses. 
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sheet and other sheets of the Formatter circuit 
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Connections to other beards are also shown . 
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READ CIRCUITS 



The read operat i on i nc tudes the following phases : 

* Examination of the seria I bit stream (RDATA) from the Read Board in 
the Basi c Dri ve in search for the preamble and the block marker. 

* After det ect i on of the block marker, reduct ion of the 5-bit GRC coded 
data into 4-bit nibbles. 

* Conversion of the nibbles into 8-bit words whi ch are forwarded to the 
Format ter Processor on para I lei form. 



READ DATA SYNCHRONIZER AND CODE CONVERTER 



READ 

SEQUENCER 
PROM 



FEEDBACK 
REGISTER 



RCIK ■ 

RDATA - 



■ >READ 
SEQUEN- 
CING 

REGISTER 



GCR-coded RDATA is clocked into the Read 
Sequencing Regi ster by RCLK, and appears 
at the DI output whi ch represents one of 
the address bits for the Read Sequencer 
PROM. Each recei ved data bit wi 1 1 thus 
represent one of two possi ble memory 
locations dependi ng on whether the bit is 
a "one or a zero" . The content of the 
accessed locat i on is fed back vi a the 
Feedback Regi ster and forms a new address 
along wi th the next bit on the DI-l i ne . 

Accordi ngly, a spec i f i c route through the 
memory will correspond to one part i cular 
DI bit pattern . It may he Ip comprehens i on 
to think of the Read Sequencer PROM as a 
maze where you will reach a gi ven des t i nat i on 
on ly by taking the appropri ate path at every 
di vers i on . 



Simplified diagram of 
Read Data Synchronizer 
and Code Converter . 



The operat i on of this circuit in search 

for speci f i c bit patterns (preamble, block 

ma r ker,et c ) , and for code convers i on is 

explained in the f ol lowi ng : 
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READ CIRCUITS 



The read operat i on i nc ludes the fol Lowing phases : 

* Examination of the serial bit stream (RDATA) from the Read Board in 
the Basi c Drive in search for the preamble and the block marker. 

* After detection of the block marker, reduction of the 5-bit 6RC coded 
data into 4-bit nibbles. 

* Conversion of the nibbles into 8-bit words whi ch are forwarded to the 
Formatter Processor on para I le I form. 

i 

READ DATA SYNCHRONIZER AND CODE CONVERTER 



READ 

SEQUENCER 

PROM 



FEEDBACK 

REGISTER 



RCLK ■ 
RDATA - 



>READ 
SEQUEN- 
CING 

REGISTER 



GCR-coded RDATA is clocked into the Read 
Sequenc i ng Regi ster by RCLK, and appears 
at the DI output whi ch represents one of 
the address bits for the Read Sequencer 
PROM. Each recei ved data bit will thus 
represent one of two possible memory 
locations depending on whether the bit is 
a "one or a zero" . The content of the 
accessed location is fed back vi a the 
Feedback Regi ster and forms a new address 
a long with the next bit on the DI-l ine . 

Accordingly, a spec i f i c route th rough the 
memory wi 1 1 correspond to one part i cular 
DI bit pattern . It may he Ip comprehension 
to think of the Read Sequencer PROM as a 
maze where you will reach a gi ven destinat ic 
only by taki ng the appropr i ate path at even 
di vers i on . 



Simplified diagram of 
Read Data Synchronizer 
and Code Converter . 



The operat i on of this circuit in search 
for specific bit patterns (preamble, block 
ma rker ,et c ) , and for code conversion is 
explained in the fol lowing : 
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Path through the Read Sequencer PROM 
when searching for preamble in the 
DI bit stream. 



Search for Preamble 



Before the preamble arrives, DI from the 
Sequencing Regi ster and the Feedback Reg • at 
outputs are all zeroes. 

As the first bit appears on the DI-l ine, 
a new memory location will be accessed in 
which the next address is stored. This 
address is fed back via the Feedback 
Regi ster to the Read Sequencer PROM along 
with the bit on the DI line. The 16th DI 
pulse in a continuous string of "ones" 
wi 1 1 access the location whi ch conf i rms 
that the preamble has been detected. 
Any departure from the string of 16 
consecut i ve"ones" wi 1 1 return the 
sequencer to the starting point, and will 
requi re a subsequent string of 16 "ones". 



from "••E*P«LI *0U*0" 
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Path through the Read Sequencer PR CM 
when searching for block marker and 
vhen converting GCR codes to binary 
nibbles . 



Search for Marker, and Conversion 
of GRC Codes 



From the location representing preamble 
detection a search wi I L now start for the 
b lock marker being represented by another 
location accessible only through an error-f 
recept i on of the marker bit pattern. 

Similarly f ol lows now a sequence for each 
recei ved GRC code which always ends up in 
the locat i on containing the binary nibble 
for the GRC code in question. 

The nibbles are applied to the Read FIFO 
being enabled by LDFIF* from the Sequencing 
regi ster. 

DI bit for the next address in the pattern 
recogni t i on or code conversion sequence. 
The final locat i on in the cede conversion 
sequence also conta i ns the binary ni bble 
for the code in quest i on . 
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READ FIFO 



Loaded with binary nibble from the Feedback Register during the LD FI F* 
pulse. Unloaded into the FIFO Buffer under control of EN1* from FIFO 
Control . 



FIFO BUFFER 



Under control of EN1* and EN2* from the FI FO Cont rol the ni bbles from 
the Read FI FO are alternately loaded into the two buffer circuits; one 
reserved for the least si gni f i cant nibble, the other for the most signi- 
ficant nibble. Two nibbles are then applied to the FD-bus as a complete 
byte under cont rol of RDBT* from the Formatter Processor . 



FIFO CONTROL 



When data is avai lable at the FIFO output (ORS), the FIFO Control gene- 
rates the EN1* si gna I which un loads the FI FO into the FI FO Buffer whi ch 
is simultaneous ly enabled by EN2 or EN2*, dependi ng on whether it is the 
first (MSB) or the last nibble (LSB) in the byte. On the first FCLK 
pulse after both nibbles have been loaded, RDRDY is sent to the Foi — 
matter Processor . When the Formatter Processor has set up another RDBT, 
another loading of the FI FO Buffer will occur whenever data is available 
in the FI FO. 



<ick U U U mm — a U L Ljn/Ljn 

-«S , , 14- t ff __ 

»0R0r • j ^ H ( ) 

U -j /', » 

L i ff L_ 

'DB T « \_ 

Typical vead/wvize sequence . 



CRC CHECKER 



Continuously monitors the bit pattern of each nibble and accumulates the 
sum, whi ch should be zero at the end of the block . If not, the CRCER 
signal is generated - 



FEEDBACK REGISTER 



Flip-flop regi ster c locked by RCLKD* (corresponding to the trailing edge 
of RCLK) . Serves as temporary storage for adresses read out from the 
Read Sequencer PRCtf, and for data to be loaded into the FIFO. 
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SEQUENCING REGISTER 



Clocked by RCLK, this register serves as temporary storage for RDATA . 
which is subsequently forwarded as DI to the Read Sequencer PROM coinci 
dently with data from the Feedback Register. The Sequencing Register 
also stores the flag bit BLK which arrives from The Read Data Seqencer 
at end of the block. ' 
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-RDATA +- 

- RDATA 



CONTROL 
BOARD 



-RCLK * 
' RCLK - 
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WRST* C CLK 

MRST 
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CIRCUIT 
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- RDRDY 

-CRCER 

-8LK 

-RFMK 

■ RRSTS* 

■RDEN 

-RD8T* 



C 



FD 0-7 



FORMATTER 
PROCESSOR 
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Signal connections between this circuit diagram 
sheet and other sheets of the Formatter circuit 
diagram . 

Connections to other boards are also shown. 
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BUFFER ADDRESSING 



The complete address required for reading out of and writing into the 
data buffer consists of the block address (segment address) which detei — 
mines the 512 byte wide section of the buffer (one data block); and the 
byte address which defines the location within the particular buffer 
section. The byte address consists of 9 bits from the internal or 
external address counter. Correspondingly, the internal and external 
segment addresses consist of five bits from the formatter processor. 



BYTE ADDRESS SELECTOR 



Se lects the interna I address for data from buffer to write ci rcui ts, or 
for data from read ci rcui ts to buffer. For data to or from the host, 
the ICLK* pulse swi t ches the selector over to the external address . 



BLOCK ADDRESS SELECTOR 



The internal and external block addresses (segment addresses) set up by 
the Formatter Processor are loaded into the selector from the FDB-bus. 
For internal data handling the interna I address is se lected. However, 
for data to and from the host (whi le ICLK* pulse is present) , the 
externa I address is app I i ed to the address bus . 



INTERNAL ADDRESS COUNTER 



Generates the 9 least signi f icant bits of the address used for loading 
data into the buffer from the read circuits, or for un loadi ng data from 
the buffer to the write circuits,. The counter is reset to zero at the 
beginning of every block, and is incremented at each BCCLK* pulse whi ch 
coincide with the formatter system c lock pu Ises ( FCLK) . 



EXTERNAL ADDRESS COUNTER 



Generates the 9 least significant bits of the address used . for trans- 
ferring data to the buffer from the host, or vice versa . The address is 
obtained by loading the counter with zero from the Formatter Processor 
at the beginning of the b lock and then counting to 511. 



READ ADDRESS PORT 



A I lows the Formatter Processor to read the output of the externa I 
address counters . The port is enabled by ICRD* from the Formatter 
Processor . 



BUFFER PORT 



Connects the FD-bus to the FDB-bus . The port is permanently enabled. 



HOST 
COMMUNICATION 



ICLK* 



IAD9 
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pewE* 



LA 



FCLK* 



SCCLK* 



MRST 



I T \ 



7\ 



-OBWE*- 

-SSEN* — 
-BOUT* - 
-ICRO* — 
„TS - 
- T A D9 — 
-SCCLK*- 
-DAD9 ~ 
-1B1 — 



-ICS 
-CLRD 
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PROCESSOR 



<^ "fT0^7~^ > sheet 

"7^ 



ts 



FDB 0-7 



WRITE CIRCUIT 
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Signal connections between this circuit diagro 
sheet and other sheets of the Formatter circui 
diagram 0 

Connections to other boards are also shown. 
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MASTER OSCILLATOR 

Crystal controlled at 7.2 MHz* 

RESET CIRCUIT 

A power-up condition or an INRS* pulse from host will cause a master 
pulse, MRST*. 

OSCILLATOR DIVIDER AND DELAY CHAIN 

Derives various clock signa Is through di vi sion 




1H 



111! 

I }|l,r i 



7.2 Formatter Board Component Location 



Power Cable 
Connector 



Signal Connector 




Switch +5 V 
to pin 



Configuration 
Selector 



Selftest 
Ini t i ate 

Buffer Size 
Selector 



Data Buffer 
Sockets 



Formatter Cable 
Connector 
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Fold out 



7.3 Formatter Board Mnemonics List 



The mnemoni cs refer to the schemat i c diagrams for the Formatter Board. 
A M * M foL Lowing a signal denotes the inverted signal . 



MNEMONIC 


, FUNCTION 


7.2M 


7.2 MHz System Clock 


8K-RAM* 


8K Data Buffer Devi ces 


AB 0-7* 


Accumulator Bus (bit 0-7) 


ACCE* 


Accumulator Enable 


AC EN* 


Accumulator Buffer Enable 


ACK*- 


Acknowledge 


AD 0-7 


ALU Data Output Bus (bit 0-7) 


BAD 0-13 


Data Buffer Address Bus (bit 0-13) 


BC 0*2 


Bit Counter (bit 0-2) 


8CCLK* 


Byte Counter Clock 


BDCLK 


Baud Rate Clock 


BDCLK+ 


Baud Rate Clock (positive I ine) 


BDCLK- 


Baud Rate Clock (negative I ine) 


BLK 


Block End Detected 


BOUT* 


Data Buffer Output Enable 


BSEN* 


Block Se lector Wri te Enable 


BWE* 


Data Buffer Write Enable 


CB 0-7 


Operand Data Bus (bit 0-7) 


CLRD 


Clear Internal Address Counter 


CNA 


Read Sequencer Control (bit 0) 


CNB 


Read Sequencer Control (bit 1) 


CNC 


Read Sequencer Control (bit 2) 


C0MEN* 


Command Enab le 


C0MM+ 


Command to Basi c Drive (posi ti ve line) 


C0MM- 


Command to Basi c Drive (negative I ine) 


CONFEN* 


Conf i gurate Enable 


CRCD 


CRC Data 


CRCER 


CRC Error 


CRCLK* 


CRC Clock 


CRCPR* 


CRC Regi ster Preset (write sequencer) 


CS 


Data Buffer Chip Enable (posi ti ve logic) 


cs* 


Data Buffer Chip Enable (negative logi c) 


DA 


Read Sequencer Data (bit 0) 


DAD 0-9 


Internal Address Counter Output (bit 0-9) 


DB 


Read Sequencer Data (bit 1) 


DB 0-7 


Communication Processor Data Bus 


DBWE* 


Data Buffer Write Enable 


DC 


Read Sequencer Data (bit 2) 


DD 


Read Sequencer Data (bit 3) 


DDCN 


512 Bytes Read to/Written from Data Buffer 


DEN* 


Data Port Enab le 


DI 


Read Sequencer Data Inout 


DIR* 


Di recti on 


DIRS 


Direction 


OLD* 


Data Load 


DTA 0-7 


Communication Processor Data Bus (bit 0-7) 


DTAP 


Data Bus Parity Sit 


DTEN* 


Data Transfer Enable 


DWLD 


t Data Word Load 
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MNEMONIC 


, FUNCTION 


en v 


tarty ro rmatT e r by stern clock vo • o nnZJ 


CM 

tn 


write r i to tmpty 


EN I* 


Input enable Fifo Buffer 


EN£* 


Input enable rito Butter 


EONL* 


Enab le Online ( st robe signal) 


EXC* 


Exception 


FCLK 


Formatter System Clock o B o MHz; 


c n o "7 

FD 0-7 


Formatter Data Bus (bit u-r) 


r DB U"" ( 


Buttered Formatter Data bus iDit u—r j 


r ULL 


write M TO rU L L 


UD O— 7 

no U ( 


HOSt BUS V.D1 1 U"fJ 


HBP 


Host Bus Parity Bit 


IAD U~t 


Externa L Address counter uutput iDit u—w 


IB U"f 


instruction bus v di t u r ) 


? r fi 
I Lo 


tx t e rna i Aoaress count e r , Loaoau i e dii o 


ICLD* 


Load Ex t e rna I Address Counter 




tx i e rna i Aoares s wounier ilock 


t r d rw 
ILK 


Keao Lsasi oigmTicanx m dd l e ot tx t e rna l muu res s wounier 


I NK5* 


Internal Reset 


IKEN* 


instruction Kegister tnau i e 


IM DC* 

JMrt* 


Jump Enab I e 


1 AMR 

LAMP 


Lamp Enable 


LP r I r* 


Load Keao r i to 


I T O CM* 


i .f .u a/ a| T 0 CM* 

Latcnea i k tN* 


LONL 


Latched ONL (online) 


LSN* 


1 AAA^ C^««4 44aA!R* Ik 1 4 Ia\ Us 1 **. 

Least si gn i ti cant Ni dd L e 


MPUMOD* 


MPU Mode Se lect 


MRST 


Master Reset (positive logi c) 


MR ST* 


Master Reset (negative logi c) 


MSN* 


Most Significant Nibble 


NIBBLE 


Nibble 


NRDY* 


Not Ready 


ONL* 


Online 


OR 


Read Fifo Data Output Ready 


ORS 


Read Fifo Data Output Ready, Synchroni zed 


P 0-11 


Program Counter, Current Address 


PACK* 


Early ACK (acknowledge) 


PBOUT* 


Read from Data Buffer 


PBWE* 


Data Buffer Wri te Enab le 


PCEN 


Program Counter Enable 


PERR* 


Parity Error 


PLD* 


Load Program Counter 


PLDRD* 


Load Transmi tter Regi ster 


PM 0-7 


Prdgram Memory Data Bus (bit 0-7) 


POUT* 


Read Operand Latch 


PWDEN* 


Receiver Regi ster Write Enable 



m 
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MNEMONIC 


FUNCTION 


RA 


Read Fifo Data (bit 0) 


RAM* 


Scratch Pad RAM Outout Fnab Le 


PR 


Read Fifo Data (bit 1) 


Pf 


Read Fifo Data (bit 2) 


or a 


Write Fifo- Read Addres s ( Least s i ani f i cant bit) 


pro 

r\ v. o 


Uri te Fifo Re^id Addrpss ( most s i an i f i cant bit) 


RCLK 


Read CLock 


RCLK+ 


Read CLock (positive Line) 


RCLK- 


Read CLock (negative Line) 


RCLKD* 


Read CLock de Layed 


RD 


Read Fifo Data (bit 3) 


RD* 


Ready 


RDATA 


Read Data 


RDATA+ 


Read Data ( oos i t i ve Line) 


RDATA- 


Pparj Hat a ( npnat i ve Line) 


RDPLK 


Rp aH Rlnrk Fnd Detected 


RD8T* 


RpAd One Rvtp f r nm Read Fifo Buffer 


ROEN 


Read Sequencer Enab L e 


RDFORM* 


Read Data from Formatter 


RDRDY* 


Read Data Nibble is Ready 


RDS* 


Read from System Status Port 


ROY* 


Ready 


ROYS 


Reset Readv 


REG* 


Write i n to System Cont ro L Latch 


RPQ* 


Pphi to c f 


i \ u. w C 1 ~ 




RFMK 


FiLemark De t ec ted Durino Read 


RP 1-8 


Rp ^pni ipn r p r PROM Out nut 


RRSTS* 


Ppept Read Status ( enua L s R D EN) 


RST* 


Reset ( from host) 


RSTS* 


Synch roni zed RRSTS* 


S 


CRC Register Preset (read sequencer) 


SOATA 


SeriaL Data to CRC Generator ( read sequencer) 


SrL 


Fn rmat t & r SeLect 

iwi ilia v. lci vJt i. ww i. 


Olui j 


Tni ti Afp *>pl f t pet 


SEXC* 


Pv r p n f i on 


S FMK 


Cat Fi 1 pm a r k MnHp 

JC L 1 1 W.W7IIIQI IS ! IUUC 




Qi no I p Rvtp Transmission 


SLONL 


Cvn r h ran i zed and Latched ONL ( On Line) 


SRD* 


Synchronized Ready 


SRDY* 


Set Ready 


STAT+ 


Status from Basic Drive ( pos i t i ve Line) 


STAT- 


Qfati ic frnm R^sir Driv/p (neoative Line) 


STFFN 


^vnrhroni zpH T F FN 1 1* ran^f pt p nfl h I P ) 

O / 1 1 u 1 ! i ui i I 4CU i r uii v l i ai 1 ci ci iau w w/ 


o 1 r Cr\ 


^unr h rnn i 70H T C C D T franc fori 

o/ncnruriiZcU i "cr v l r drib i ci / 


<-* K u, n 


Crratrh PaH P AM Uri tp Pnah 1 p 

jwi d Iwll rdu rvnil W I 1 Lc CilaULC 


< i C IN 


1 ransTer tn au te 


TFER* 


Tran? f pp (frnm h n s t* ^ 

If Ql 1 j I w 1 VII will HU j w / 


TPDS* 


Data from Formatter to Communication Processor 


TPFACK* 


TPFS AcknowLedge 


TPFS* 


Data from Communi cation to Formatter Processor 


1 TS 


Test SignaL 


j TSTR* 


. Transfer EnabLe 
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MNEMONIC 


FUNCTION 


W/A11 


Data Buffer Write Enable/Data Buffer Address 


Bit 11 


WCA 


Write Fi to Write Address (Least 


signi f i cant 


bit) 


WCB 


Write F i f © Write Address (most 


signi f i cant 


bit) 


WCLK 


Write Clock 






WCLK+ 


Write Clock (positive line) 






WCLK- 


Write Clock (negative line) 






WCLKS 


Write Clock Synchronized 






WD 0-3 


Write Fi fo Data Bus (bit 0-3) 






WDATA 


Write Data 






WDATA+ 


Write Data (positive line) 






WDATA- 


Write Data (negative line) 






WDLD* 


Word Load 






WEEN+ 


Write Enable (positive line) 






WEEN- 


Write Enable (negative line) 






WFWK 


Wri te Fi lemar k 






WFMKC* 


Wri te Fi lemark Control 






WLD* 


Word Load 






WMO 


Wri te Data Sequencer Mode (least 


signi f i cant 


bit) 


UM1 


Write Data Sequencer Mode (most 


signi f i cant 


D 1 U 


WRFORM* 


Write to Formatter Processor 






(JOT 


Wri te 






WRTEN 


Write Enable 






WRTT* 


Write Self test 






ZERO 


Accumulator Zero Detector 






ZERO* 


Accumulator Zero Detector 
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7.4 Formatter Board Parts List 



Comp. Designator 


Part no. 


Description 


Qty. 


Capaci tors 








C1, C2 


323693 


m £ "9 a n «»>!! eaa <ssa eras * mm ms * m m m 

22 pf cer. 1 2 % 63 V 2222 638 40229 


2 


C3 


381637 


22 uF tantalum 16 V 


1 


C4 


381393 


470 pF cer. 2 10 % min. 50 V 


1 


C5 


398986 


220 uF ELKO +/-20 % RE (F) 16 V 


1 


C6 


359232 


0.022 uF MA 105 E 223 MAA 


1 


Diodes 








CR1, CR3 


384841 


1N 4148 


2 


CR2 


392758 


31 CQV 31 E LED 


1 


Res i stors 








R1, R4, R8, R9 


403127 


1 kohm met. film 1 % 


4 


R2 


400447 


180 ohm met. film 1 X 


1 


R3 / R7 


404198 


470 ohm met. f i Im 1 % 


2 


R5 


403249 


56 kohm met. film 1 X 


] 


R6 


400569 


560 kohm met . film 1 % 




RP1 


345388 


220 ohm package 2 X 


1 


RP2 


387851 


1 kohm package 4310R-101-SIL 


1 


RP3 


400272 


100 ohm pac kage 8-pin 5 % 




Circuits 








U1 , U2 / U3 


291115 


7438/7438 A 


3 


U4 


404353 


74LS14D 


1 


U5, U6 


401722 


74LS54Q 


2 


U7 


391659 


74F08 


1 


U8 / U53 


402337 


74ALS32 


2 


U9 


400092 


74LS280N 


1 


U10 


382966 


74LS279N 


1 


U11 # U25 U46 


402915 


74LS374D 


3 


U12 


403176 


74ALS109 


1 


U13 


402357 


74LS04D 


1 


U14. U31 U45 


401392 


74LS273D 


3 


U1 5 


403510 


74ALS74 


1 


U16 


401 441 


74ALS00 

i "r w w \J W 


1 


U17 


961626 


TDC 3350 1/ 0-ware 


1 


U18 


384604 


74Q6N (on L v TEXAS) 


1 


U19 


389518 


26LS32 


1 


U21, U35, U42, 








L'43, U63, U75 


393585 


74LS541 


6 


U22, U37 


404402 


74F138 


2 


U23, U57 


353945 


74LS273N 


2 


U24 


389166 


26LS31 


1 


U26, U27, U28 


402565 


74LS161D 


3 


U29 


961621 


TDC 3350 FP-ware 


1 


VU30, U41 


402007 


74LS377D 


2 
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8* MAINTENANCE 



8.1 Service Philosophy 



It is assumed that deep surgery on the TDC 3319 will not be performed 
in the field. The first task there is to find out if the fault is in 
the system or in the TDC 3319, if it is in the drive, the most likely 
to happen is that 1) The Formatter board is changed, 2) The Basic Drive 
is changed, or 3) The whole TDC 3319 is changed. 

Changing other modules will involve some adjustments, and are therefore 
easier to perform at the service shop. 

8.2 Selftests 



The three processors in the TDC 3319 add up to a lot of intelligence. 
We have used this opportuni ty to bui Id in self testing and adjustment 
possibi li ti es. 

Three di f f erent types of self test procedures can be executed : 

- The power-up self test 

- The manually acti veted self test 

- The host activated selftest 

How to activate the selftests and interpret the results of them, 
indi cated by the front LED, is shown in section 8.4. 

The selftests are extensively described in the !f TDC 3319 Reference 
Manual". 



8.3 Power-up Selftests 



Each time power is turned on, both the processor in the Basic Drive and 
the processor on the Formatter board run through a selftest procedure 
that mainly tests the PROM contents, the RAM and some digital circuitry 
surrounai ng the two processors . 

The Basic Drive uses the front LED as follows : 

Steady green : Dri ve OK 

Steady red: Power-up selftest f ai led. The dr i ve is not selectable 
from the host . 

When the Basic Drive has successfully performed a power-up selftest, the 
formatter normally takes control and sets the red LED to i ndi cate that 
the Exception line to host is activated. 

A successful formatter power — up selftest switches on the LED at the back 
of the Formatter board. Fai lure results in an un I i t LED. 
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Comp 


. Designator 


Part no • 


Description 




Circuits cont . 












U32, 


U58, U100 


«4U I LOO 


74LS174D 






3 


U33 




TO lULI 


TDC 3350 


Fl-ware 




1 


U34 




7(J IulO 


TDC 3350 


Si-ware 




1 


U36 






2015 TWM 


2015 AP 12 




1 


U38 






74LS151N 






1 
• 


U39, 


U40 


hU I I U f 


74LS382 






2 


U44 




J7 \JJC 


74LS33D 






1 


U47, 


U64, U77 


hU I O f J 


74LS393D 








U48 




TO I Ofc£. 


TDC 3350 


RW M-ware 




1 


U49, 


1)50, 












U68, 


U69 


7UO I U 


74LS670 






4 


U51 






TDC 3350 


Si-ware 




1 


U52 






TDC 3350 


WD-ware 




1 


U54, 


U59 


"^AAnn7 

«J *?UUU i 


9401 PC 






2 


U55 




404683 


741004 74 ALS 1004 




1 


U56 




390546 


Circuit 


2732 250 n.sec. 




1 


U60 




402833 


74LS224 






1 


U61, 


U62 


360554 


74LS173 


m 




2 


U65, 


U66, U67 


352192 


74LS193N 






3 


U70 




7^7?£7 


74LS158N 






1 


U71, 


U72 


HUJ J JU 


74LS157D 






2 


U76 




77SA1 7 


74S132N 






1 


Assorted 












B1, 


B2 


HU 1 jlO 


Core 43303032270 (5x1.5x10 mm) 




2 

Cm 


J1 




jVUOUj 


826632-2 


two straight rows 2x3 


-pin 


1 


J2 




M>U£000 


172294-1 


4-pin M/172296-1 AMP 




1 


JP1 




/ HT 7/ 9 
huj r Ht: 


826632-2 


two straight rows 2x2 


-pin 


1 


JP2 




701717 

J7 I f I ( 


826632-3 


two straight rows 2x3 


•pi n 


1 


JP3, 


JP4 


J7UJI *+ 


826629-3 


one straight row 1x3- 


Din 


2 


JP5 




TQfT CAT 
JOJ ^UJ 


826629-2 


one straight row 1x2- 


pi n 


1 


Q1 




joohjo 


Transistor 548 BC 548 B RL 




1 


XU17 


, XU33, XU34, 












XU48 


, XU51, XU52 


392378 


0-641602- 


-3 IC 20-pin DipLomate 




6 


XU20 




393707 


0-641606- 


-3 IC 40-pin DipLomate 




1 


XU29, XU56 


390345 


0-641604- 


-3 IC 24-pin DipLomate 




2 


XU73 


/ XU74 


392026 


0-641605- 


-3 IC 28-pin DipLomate 




2 


Y1 




389569 


Crysta I 


4*00 MHz NC-18/C paraL 


. res . 


1 


Y2 




399338 , 


Crystal 


7.2 MHz NC-18/C seriaL 


res . 


1 


650 




397233 


Black knot on Formatter box 




1 
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8.4 Manually Activated Self tests 



The purpose of the manually activated self test-procedures is mainly to 
act as diagnostic tools for the field-service technician. There is one 
selftest for the Basic Drive and one for the Formatter with the Basic 
Dri ve(s) connected. 

Hint : If you have verified that the fault is in the drive, not somewhere 
else in the system, first use the selftest switches on the formatter to 
check the TDC 3319. Then activate the selftest on the Basic Drive (with 
disconnected Formatter). 



Basic Drive Selftest 



The selftest procedure for the Basic Drive wi 1 1 be performed according 
to the prevai ling cartridge status : 

a) If no cartridge is present in the drive, the capstan motor servo 
system is tested . The motor is run at 4 di f f erent speeds : 90 ips, 
45 ips, 90 ips minus 10%, and 45 ips minus 10%. The correct speed is 

determined by counting tachometer pulses . 

b) If a write protected cartridge is inserted in the drive, the tape is 
first rewound to BOT, then the capstan-motor test described above is 
performed, and then the tape is rewound to BOT agai n . 

c) If a cartridge that is not write protected is i nserted in the drive, 
the tape edge seek procedure is added to the test described above . 
The tape is rewound to BOT when the manua I ly generated selftest is 
completed . 



Formatter Board Selftest 



There are two formatter se If test procedures : 

- The first one f ol lows points a) and b) above . A cartridge must be 
inserted, but it is i r relevant whether it is protected or not . 

- The second, and most extensive of the two, fol lows point c), but with 
this addition: Following the tape edge seek procedure, it writes for 
five seconds forward on track 0, then for five seconds in reverse on 
track 1 . Both patterns are 60 hex, the number of rewr i tes aire limited 
to four per block . 



The LED on the front of the drive lights steadi ly green dur i ng the test . 
It is turnea off after a successful test, and lights red if the test 
f ai led . 



How to Activate the Selftests Manually 



CONTROL BOARD 

9P1 : Termination res i star 



Power connector 



gas ^ c orive signal connector 



4 5 ips speed adjust; 1 473 outses persfcond (»/-2 %) 



90 ips speed adjust; 2955 cut sea per second (»/-2 I) 
Tacho pulse test pin 



Select Selftest type or adjustment procedure by 
setting the Drive Select j umoers JP1 and JP2. 
Activate tests manually by snort circuiting 
Set f test jumper JP3. 



Drive select 

jumper position 


Dri ve 
address 

selected 


Action when the test jumper is 
activated 


JP1 


JP2 


OPEN 
CLOSED 
OPEN 
CLOSED 


OPEN 
OPEN 
CLOSED 

CLOSED 


1 
2 
3 
4 


Sasic drive set f test procedure 
Adjust head position switch 
Adjust capstan speed to 45 ips 
Adjust capstan speed to 90 ips 



j P3 : Manual Set f test jumper 



FRONT LED ON BASIC DRIVE INDICATES SELF TEST RESULTS: 




Colour 


Activated from JP3 
(Control board) 


Activated from JP1 
( Formatter board) 


Steady red: 
Slinking green : 
Blinking red : 
Steady green : 


Test in progress. 
Test OK. 
Test f ai led. 
Drive returned to 
normal operation. 


Test failed 
Test in progress 



FORMATTER BOARD 



Set f test is activated Dy short circuiting the two rightmost pins on jP1. 
If the test is CK, the ',£3 (see aoove) will return to normal setting. 



J1: 

Signal connector 
to Basic Drive 




^3/'j74: 
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8.5 Host Activated Selftest 



Two software control Led self tests are available for the system designer 
who designs system-test software. The Selftest 1 command starts a 
limi ted selftest procedure. The Selftest 2 command performs a comnpre- 
hensi ve test of the capstan motor servo system and the head moving 
system, provided that an unprotected cartridge is inserted. 



8.6 Head Cleaning 



Isopropy I alcohol and cotton-tipped st i cks are recommended for head 
c leaning. A cleaning kit, 3M 1 s CK-90, that contains the necessary 
things, is avai lable from Tandberg Data. The kit has ordering number 

961536. 



IMPORTANT! 

Use no sharp objects when cleaning the head . 

Even smal I scratches may damage the head permanently. 



The c leani ng interval depends on three 
main factors : 

1 . How much the drive is used 

2. The quality of the tape 

3 . The quality of the environment 



Usage Clean 



Eight hours a day Dai ly 

Daily Week ly 

Week ly Monthly 




However, the fol lowing can be used as a 
recommended guide I i ne : 



NOTE: Always c lean the head immediately after using a new cartridge. 
And remember, it is better to c lean too often than too seldom! 
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8.7 Necessary Hand Tools 



The List below shows the hand tools that are required to replace the 
spare modules of the drive. 




1.5 mm and 2.0 mm Small pozidrive Tweezers. Special pliers for 

Allen keys. screwdriver. removing retaining 

rings ( circlips) . 



3.8 Diagnostic Tools 



To locate faults on the printed circuit boards, you" 11 need an osci I lo- 
scope and a multimeter. 

Two test boards are avai lable from our Servi ce Department : 

- A Basi c Drive test interface that enables externa I equipment to con- 
trol the Basi c Drive di rect ly (without the TDC 3350 Formatter) . 
Command and status information can be exchanged via a standard V. 24 
(RS-232) or V.11 (RS-422) interface. The test interface can also 
supply two simple test data patterns. 

Appendi x 1 and 2 contain summaries of the commands and status bytes 
of the Basi c Drive. 

The test interface has ordering number 961635. 



- A test board, with LEDs that moni tor the eight control lines. The 
test board plugs into the Formatter board. These LEDs, together with 
the red/green LED in the cartridge door, indi cate where to look for 

malfunctioning ci rcui t s . 

The test board has ordering number 961 533 . 



8.9 Adjustments 



The table be low shows the various ad j ustments of the drive, thei r 

corresponding potentiometers and testpoints, and under whi ch chapter 
they are described. 



ADJUSTMENT 


POTWETER, TEST POINT/ CHAPTER 


Tape Speed 


R16, R19, TPl/Control board, sheet 1 


Write Current 


R72, WCUR line/Control board, sheet 3 


Read Channel Gain 


R5, R6, TP2-2/Read board 


Head Switch Screw 


S1 , set screw on head platform/Control bd. , sheet 2 


Erase Balance 


R87, TP2-2 on Read board/Control board, sheet 3 


Sensor Sensitivity 


R2, U1-5; R3, Ul-3/Sensor board 



9# HOW TO CHANGE THE DIFFERENT MODULES 




NOTE! Some of the module ex- 
changes require subsequent me 
anical or electrical adjustme 
All adjustments are described 
briefly in chapter 8 and in 
detai I under thei r correspond 
board description. 

9.1 Removing the Drive 



1 . Take out the 4 mounting 
screws either from the 
drive (1a) or the formatte 
box (1b). 

2. Unplug the signal cable an 
the power cable . 




9.2 Removing the Formatter B 
from the Drive 



1 . Loosen the screw, then pul 
the Formatter board out . 

2. Loosen the 4 screws. Lift 
and slide the box off 
sideways . 




9.3 Changing the Sensor Boar 



1 . Remove the top cover. 

2. Remove the 2 screws in the 
Sensor board. Pull the 
board straight out of the 
p lug on the Control board. 

3 . Check that the two sensors 
work properly. It may be 

necessary to readjust R2 
and R3. 
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9.4 Changing the Read Board 



1 . Remove the top cover. 

2. Unplug the head cable on the 
Read board. 

3. Pull the board straight up. 

NOTE! Don't use the hybrid 
board as a handle. 

4. The gain control (R5/R6) 
must be adjusted if a new 
board is installed. 



9.5 Changing the Control Board 




1. Remove the Read board. 

2. Disconnect head- and capstan 
tacho cables. 

3. Remove the 3 screws as shown. 

4. Li ft the board out and di s- 
connect the remaining cables . 

Replacing the board : 

5. Plug in the stepper motor 
cable. 

6. Place board edge under the 
knobs on the casting. 

7. Avoid getti ng the stepper motor 

cable caught between board and 
cast i ng. 

8. Plug in all cables and replace 
the boards . 



NOTE! If the same Control board has been taken out and put back in, 

adjust only the "head bottom switch". If a new Control board has been 

installed, adjust both the "head bottom switch" and Erase Balance. 
Control Capstan Speed and Write Current . 



3 



TANDBERG DATA 




9.6 Changing the Stepper Motor 

1 . Remove the formatter box . 

2. Remove the top cover. 

3. Remove the Control board. 

4. Remove the cirelip from the 
rod. 

5. Hold the cartridge Locking 
arm and pull the ball joint 
out of its socket . 

6. Push in the spring-Loaded 
door ax Le with tweezers. 
Remove the door. BEWARE OF 

FLYING SPRING AND AXLES! 



7. Di sengage 4 hooks to remove 
the front frame. 

8. Loosen the screws and puL L the 
motor out . 




freely when everything has been 
reassemb led . 

9. Adjust the Head Switch. 
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9.7 Changing the Capstan Wheel 




1 . Remove the top cover. 

2. Remove the retaining ring 
and put t the capstan wheel 
straight up. 

3. Replace the capstan wheel . 



Cartridge roller 

— ^ 



Cartridge 





© 



4. Insert a cartridge and 

adj ust the capstan wheel so 
that it covers the cartridge 
rot ler (a and b > 0) . 



9.8 Changing the Capstan Motor 



1 . Remove the Control board. 

2. Remove the screw that holds 
the ax le. 

3 . Put I the motor out gent ly . 
Ensure that the spring that 
presses against the hub 

of the motor stays in place. 

4. When replacing the motor, 
make certain that the pivot 

ball enters its recess . 

5. Check that the motor tilts 
easily with no axial play 
in the pivot bearing. 

6. If a new motor is installed, 
turn the set screw (use the 
2.0 mm Alien key) c lockwi se 
until the capstan wheel lifts 
from the cartridge ro I ler . 
Then turn 1/2-turn back . 
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9.9 Changing the Head Assembly 

RCKOIfe THE CoMTieDL Bo 

Removing the Head Assy : 

1. Unplug the head cables. 

2. Open the door slight ly. 

3. Remove 1 screw from the 
spring plate. 

DO NOT TOUCH THE OTHER TWO 

SCREWS! 

4. Bend the arm down. 

5. Unhook the spring from the 
head p lat f orm. 

6. Whi 1st: bending the leat spr 
up, li ft and pull out the h 
assembly. Slight force may 
necessary. 

7. DO NOT DAMAGE THE NEW HEAD 
FRONT! KEEP WELL PROTECTED 




Replacing the Head Assy: 

8. Press vert i ca I ax le upwards 
and turn cogwheel unt i I on I 
the coni ca I part of the ax I 
is visible on top. 

9. Compress the axle spring 
with the tweezers and 
wriggle assembly back in 
place, top of axle into 
hole first. 

10. Replace arm (4) on head pla 
form pin. 

11. Replace spring (5), washer 
and screw (3), and cable 
connectors . 



BP! 



12. Degausse and clean the head, 

13. Adjust the Head Switch 
and Erase Balance. 
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10. SPARE MODULE LIST 



Only complete spare modules (assemblies) are shown in this i llustration. 
Complete parts lists for each printed circuit board are included in the 
individual descriptions of each board. 

A comprehensive list, with prices, of spare mechanical and electrical 
parts, and some accessories, is avai lable from our Service Department . 

When ordering, please speci f y ordering number and full name of the 
requi red part . 



961609 Head Assembly 



961605 Capstan Motor Assembly 



961602 Sensor Assembly 



961606 Stepper Motor Assembly 
961618 Locking Sprina Assembly 



920048 Front Door Assembly 




961608 Formatter Extension Box 



961603 Formatter board 



961613 Drive Sianal Cable 



961600 Control Board 
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APPENDIX 1. TDC 3300 BASIC DRIVE COMMAND SUMMARY (QIC-44) 



MNEMONIC 


COMMAND CODE 


FUNCTION 


SEL 


00 - 03 


Select Drive 0-3 




04 


Deselect All Drives 




21 


Seek Reference Track 


EDGE 


22 


Seek Tape Edge 




23 


Recalibrate Head Servo 


TRACK 


40 - 48 


Seek Track 0-8 


MOVP 


60 

wU 


w v. UfJ 1 a )JC 




61 


Mnv/e Tane Forua rds (Loaicallv) 




62 


Move Tape Revers (Logically) 




63 


Rewind to B0T 




64 


Tape Rentension 




65 


Return to Reference Point 


TEST 


81 


SeLf test 1 ( Caostan test) 




82 


Selftest 2(1+ Seek Edge) 




85 


Head Switch Adiust 




86 


45 ins Soeed Adiust 




87 


90 i os Sneed Adiust 


RSTAT 


A1 - AF 


Read Status Byte 1 - 1 5 


CNFIG 


CO 


No Write, No • Erase 




C1 


Erase, No Write 




C2 


Write ^ No Erase 

ff 1 flab, 11 W hm J Q J t 




C3 


Write and Erase 

IB I i to W tol I i %tS hm 1 U <J >«. 




C4 


Pos i t i fin Head to Trar k Senter 




C5 


Position Head 1/4 Track ud 




C6 


Position Head 1/4 Track down 




C9 


Adiust Head 15 Steos Ud 




CA 


Adjust Head 15 Steps Down 




DO - DF 


Set Tape Reference Offset Distance 


MISC 


EO 


Lamps Off 




E1 


Red Lamp On 




E2 


Green Lamp On 




E3 


Red and Green Lamp On 




E4 


Set Tape Speed Normal 




E5 


Set Reduced Speed 10 X 




E6 


Set Tape Position Reference Point 
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APPENDIX 2. TDC 3300 BASIC DRIVE STATUS BYTE SUMMARY 





TYPE 


8 IT NUMBER 


1 


Tape Position 


2 - 0 ; 0 « Unknown 

1 * Position < 80? 

2 « BOT < Position < LP 

3 * LP < Position < EM 

4 « EV < Position < EOT 

5 * EOT < Position 

6 * RUNOUT 


2 


Ori ve Se I ec t i on 


1 - 0 i Drive Number 0-3 


3 


Drive Speed 


2 - 0 : 1 « 30 ipt 

2 * 45 ips 

3 ^ 60 ips 

4 * 90 ips 

1 : Speed reduced 10 X 


4 


Cartridge Status 


1 - 0 : 0 * 450* tape Cor don't know) 
2 * 600' tape 

2 : Cartridge has been inserted 

3 : Cartridge has been removed 

4 : Cartridge write protected 

5 : Cartridge not in place 


5 


Drive Status 


0 : Power-up/ reset occured 

1 : Head Servo error 

2 : Capstan error 

3 : Edge/ reference not detected 

4 : AC LEV fro® read channel 

5 : Sensor error 


6 


Tape Format/ Head 


2 - 0 : 0 » 4-track tape • 

1 a 9 track tape 
5 - 4 : $10 ■ 4-track head 
%ZQ » 9-track head 


7 


Head Position 


4 - 0 : Track Number 0-8 


8 


Head Off-center 


1 - 0 ; 0 * On-center 

1 * Off-center upwards 

2 » Off-center downwards 

3 * Track position unknown 


9 


Reserved 




10 


Reserved 




11 


Taoe Reference 


1 - 0 : 0 * ho Reference Point Set 

1 » valid Reference Point Set 

2 * Illegal to set ref . Point 

3 * Illegal to set ref. Point 


12 


Drive Config. 


0 
1 
2 
3 


Erase mode 

tfri te mode 
Red Laiep On 
Green Lamp On 


13 


Reserved 




14 


F< r^wjpe Ident . 


5 - 0 : Fi rmware Code 


15 


Firmware Revision 


5 - 0 : Firmware Revision Level 



CCffflANO STATUS BYTE 


3 - 0 : 


Error Code 0-15 




5 : 


Cccwuni cation Error 




6 : 


Illegal Command 



INTERRUPT STATUS BYTE 


5 - 0 : S80 


•m 


Cartridge inserted 




S82 


3 


BOT detected 




533 


3 


LP detected 




S34 


3 


EW detected 




S35 




EOT detected 




S8A 


3 


Erased taoe detected 




SAO 


3 


Cartridge removed 




SA6 


3E 


Tape runout 




SA8 


3 


Sensor error 




SA9 


3 


Capstan error 
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